Treatment patterns associated with stroke prevention in patients with atrial fibrillation in three major cities in the People ' 
Introduction
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia. This irregular heart rhythm occurs when circuits of disorganized electrical activity in the atria replace the organized electrical activity normally generated by the heart. Age, hypertension, congestive heart failure, valvular disease, and diabetes are known risk factors for the development of AF. [1] [2] [3] [4] More than 5 million people in the US and over 6 million in Europe are affected. 5, 6 A large epidemiologic survey conducted in 2002 reported a 0.77% prevalence of AF in the People's Republic of China, which is close to the 1%-2% prevalence rates reported for the general population in developed regions. 6, 7 International Journal of General Medicine downloaded from https://www.dovepress.com/ by 52. 11.211 .149 on 21-Sep-2019 For personal use only. Nearly 18% of all cerebrovascular events in Europe are associated with AF. 8 AF increases the risk of ischemic stroke five-fold when compared with normal sinus rhythm. 9, 10 About one in five strokes is attributed to AF, and the ratio is even higher in the elderly. 11 AF-related stroke has become a prominent source of morbidity and mortality and is associated with a high cost of care, so stroke prevention is considered an independent cornerstone strategy for patients with AF. Anticoagulation or antiplatelet therapy has been well documented in both guidelines for stroke prevention and guidelines for the management of AF. 6, 12 The People's Republic of China has been following the development of international AF treatment guidelines from the American College of Cardiology/American Heart Association/European Society of Cardiology, 13, 14 European Society of Cardiology, 6 American College of Chest Physicians, 15 and American Heart Association/American Stroke Association. 16 Central to these guidelines is stratification of stroke risk to balance the risks of bleeding and of thromboembolism. Recently, these guidelines have introduced new antithrombotic alternatives to warfarin that may lower the risk threshold for initiating antithrombotic therapy in patients with AF. In the People's Republic of China, informal guidelines were published 10 years ago, with an expert consensus issued in 2006. 17 AF studies in the People's Republic of China have indicated a direct correlation between the burden of AFrelated stroke and underuse of anticoagulation therapy. 7, 18 Taking into consideration the findings of recent studies and of the recent AF treatment guideline updates, this study sought to identify and assess treatment patterns associated with stroke prevention in three major cities of the People's Republic of China in an effort to inform future preventive strategies for AF-related stroke in that country.
Materials and methods
Medical charts recorded for patients hospitalized with a primary diagnosis of AF (International Classification of Diseases, Ninth Revision, 19 Clinical Modification, diagnosis code 427.31) at six tertiary hospitals located in three major cities of the People's Republic of China (Beijing, Shanghai, and Guangzhou) between 2003 and 2008 were used for this study.
All six hospitals had a specific center or cardiology department for AF treatment and were selected based on their willingness to participate in the study. In each hospital, the charts for 480 patients (400 with nonvalvular and 80 with valvular AF) were randomly chosen. A proportional sampling method, based on the annual number of patients with AF at each hospital from 2003 to 2008, was employed so that the 480 patients would adequately represent the distribution of patients with AF by year. Trained physicians and medical students reviewed the medical charts and extracted data using the structured data extraction form, including patient demographics, clinical characteristics, and antithrombotic treatment patterns. Specific variables included age, sex, AF diagnosis, and CHADS 2 score 20 (determined by assigning and adding points for the following conditions: one point each for congestive heart failure, hypertension, age $75 years, and diabetes, and two points for prior stroke or transient ischemic attack). 20 The CHADS 2 score is a clinical predictor of stroke risk in patients with AF and a useful instrument for determining whether or not to initiate anticoagulation therapy. 21 In addition to descriptive statistics, a logistic regression model was used to investigate the effect of clinical and demographic factors on antithrombotic treatment patterns.
Independent predictors in the logistic regression model included age, sex, type of AF, CHADS 2 score, and city dummies. A two-sided P-value less than 0.05 was considered to be statistically significant. All analyses were performed using Stata version 12 statistical software (Stata Corporation, College Station, TX, USA).
Results

Patient characteristics
Of the 2,862 patient charts reviewed between January 2003 and December 2008, 34% were from Beijing, 33% from Shanghai, and 33% from Guangzhou. Fifty-five percent of the total charts reviewed were for male patients. The average patient age was 72 years (standard deviation 13.3), and nearly one half of all patients (49%) were 75 years or older. Among all patients, 15% had valvular AF, 78% had nonvalvular AF, and 8% had an unidentified type of AF. The mean ages of patients with valvular and nonvalvular AF were 67 and 72 years, respectively. A greater proportion of males had nonvalvular (60%) than valvular (36%) AF. The CHADS 2 score was calculated for each of the study patients. Among patients with nonvalvular AF, 53% had a CHADS 2 score $2.
Although not designed for use in valvular AF, when CHADS 2 scores were assessed in patients with valvular AF, 45% had a CHADS 2 score $2. About 36% of the patients in the study were diagnosed with a first episode of AF. Paroxysmal, permanent, and persistent AF accounted for 47%, 33%, and 7% of the patients studied, respectively. In those patients for whom the AF was not a first episode, the median duration 
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Patterns of stroke prevention in aF in three cities of china of AF was 4.2 years. Table 1 summarizes the characteristics of the study population.
Antithrombotic treatment patterns for stroke prevention Table 2 displays the distribution of antithrombotic treatment patterns by number of therapy types. Approximately 17% of patients did not receive any antiplatelet or anticoagulation treatment during their hospital stay. For patients with valvular or nonvalvular AF, 42% received one treatment (19% received aspirin, 13% warfarin, 5% clopidogrel, and 4% low molecular weight heparin [LMWH]); 30% received a two-drug regimen (12% received warfarin plus LMWH, 7% aspirin plus clopidogrel, 3% warfarin plus aspirin, 3% aspirin plus LMWH, and 5% other combinations); 9% received a three-drug regimen (4% aspirin plus clopidogrel and LMWH, 2% warfarin plus aspirin and LMWH, 1% warfarin plus aspirin and clopidogrel, 1% warfarin plus clopidogrel and LMWH, and 1% other combinations); and 2% received a four-drug or five-drug regimen. The antithrombotic treatment patterns differed significantly (P=0.000, Fisher's exact test) between patients with valvular and nonvalvular AF. The proportion of patients receiving a one-drug antithrombotic regimen was much higher among patients with valvular than nonvalvular AF (57% versus 39%, respectively). Further, antithrombotic treatment patterns for the three cities showed a higher proportion of patients with AF not receiving any antithrombotic therapy in Guangzhou than in Beijing or Shanghai. A lower proportion of patients with AF received a one-drug antithrombotic regimen in Beijing than in Shanghai, whereas a higher proportion received at least a two-drug regimen in Beijing than in Guangzhou. In general, significant differences (P=0.000, Pearson's chi-square test when putting together patterns with two or more types of drugs) in antithrombotic treatment patterns existed among the three cities in the People's Republic of China. Table 3 and Figure 1 further depict the distribution of antithrombotic treatment patterns for patients with valvular and nonvalvular AF. Antiplatelet, anticoagulation, and antiplatelet plus anticoagulation therapies were used in 33%, 30%, and 20% of patients, respectively, whereas 17% did not receive any antithrombotic treatment. The combined percentage of patients with valvular AF treated with anticoagulation alone or antiplatelet plus anticoagulation therapy was higher than that of patients with nonvalvular AF (66% versus 48%). The percentages of all patients receiving no antithrombotic regimen, aspirin only, warfarin only or combinations, and other were 17%, 19%, 36%, and 28%, respectively. The four antithrombotic treatment patterns differed significantly between patients with valvular AF and those with nonvalvular AF (P=0.001, Pearson's chi-square test). A higher percentage of patients with valvular AF were receiving warfarin only or combinations (59% versus 31% for patients with nonvalvular AF), whereas a lower percentage were receiving aspirin only (13% versus 21%, respectively).
Factors associated with antithrombotic treatment
The CHADS 2 score is a simple and well validated prediction tool. 20 Although recently developed, 22,23 the CHADS 2 score is commonly used to help elucidate antithrombotic treatment patterns in clinical settings. In this study, 86%, 83%, 81%, 78%, and 85% of patients with AF and CHADS 2 scores of 0, 1, 2, 3, and 4 or above, respectively, were treated with any antithrombotic regimen (Table 4) . No significant difference in the proportion of patients using any antithrombotic treatment was discerned among the CHADS 2 score categories of 0, 1, and $2 (P=0.067, Fisher's exact test). However, when patients with an unidentified AF type were excluded, the differences in antithrombotic treatment were significant (P=0.046, Fisher's exact test). Further, patients with higher CHADS 2 scores ($2) were less likely to receive warfarin or combinations, whereas patients with CHADS 2 scores of 0 or 1 were more likely to receive warfarin or combinations (Table 4) . Table 5 shows the association between stroke risk factors and antithrombotic regimen used under the framework of multivariate regression analysis. The logistic regression model incorporated a dichotomous dependent variable of antithrombotic use and dummy variables for CHADS 2 score (0, 1, and $2), type of AF (valvular or nonvalvular), sex, age, and city as predictors.
The choice of antithrombotic regimen was not associated with CHADS 2 score. Patients $75 years of age were significantly less likely than younger patients to receive an antithrombotic regimen. Antithrombotic practices in hospitals in Guangzhou and Shanghai differed significantly, although 
Discussion
Cerebral vascular disease has become the leading cause of death in China, accounting for 22.5% of all deaths. Stroke, the cost of which is substantial in all countries, [24] [25] [26] [27] contributes to a major portion of cerebral vascular deaths. 28 Given that approximately 20% of all strokes are attributed to AF, a comprehensive program of stroke prevention must pay close attention to antithrombotic treatments. 8, 11 Vitamin K antagonists (eg, warfarin) and aspirin are commonly prescribed to prevent stroke in patients with AF. In patients with nonvalvular AF, the risk of stroke is reduced by approximately 20% with aspirin and by approximately 60% with adjustable-dose warfarin. 29 However, the risk of bleeding and the difficulty of monitoring and maintaining international normalized ratio (INR) values in the therapeutic range with vitamin K antagonists limit their usefulness. The effects of warfarin on the clotting cascade vary from patient to patient, in part because of individual genetics but also because of the interaction of warfarin with foods, alcohol, and other medications. Concerns over bleeding can lead to undertreatment, causing a measurable increased risk of thrombosis.
Underuse of anticoagulant therapy in patients with AF has been well documented around the world. Studies have shown that nearly one half of patients with AF and additional risk factors for stroke and without contraindications did not receive vitamin K antagonists. 30, 31 A study in the People's Republic of China showed that less than 3% of patients with AF received warfarin, and even fewer patients taking warfarin had adequate monitoring of INR. Only 20.1% of patients with AF in the People's Republic of China take aspirin, which is much lower than rates of aspirin use in the US and Europe. [32] [33] [34] The current study provides evidence of relatively stable aspirin use (19%) and improved warfarin use (36%) among patients with AF in three major cities of the People's Republic of China. However, the fact that 17% of patients with both valvular and nonvalvular AF did not receive any antithrombotic regimen underscores the need to further increase use of antithrombotic treatment in these patients. Identified predictors of no treatment included age and hospital location.
The CHADS 2 score is an effective predictor of stroke risk, with higher scores indicating increased risk. However, the current study showed that an antithrombotic regimen was not prescribed according to stroke risk based on the CHADS 2 score. Further modeling using a multinomial logit model (results not presented) revealed no significant association between CHADS 2 score and preference for no antithrombotic treatment, a one-drug antithrombotic regimen, or a multidrug regimen. Further, a CHADS 2 score of 2 or above did not associate well with warfarin use. The existing reluctance to use warfarin in clinical practice suggests that the entry of novel oral anticoagulants could replace warfarin. 
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It is well acknowledged that stroke risk increases with age. An expanded version of the CHADS 2 score, ie, the CHA 2 DS 2 -VASc score, includes additional stroke risk factors and gives "age 75 years or above" extra weight (with two points). 25, 35 However, the current study's logistic regression model did not show age $75 years to be a significant predictor of antithrombotic use. The study showed that, in the People's Republic of China, the elderly (aged $75 years) were treated more often with antiplatelet therapy than were younger patients (42% versus 27%, results not presented), whereas the elderly were treated less often with anticoagulation (or antiplatelet plus anticoagulation) therapy than were younger patients (35% versus 59%, results not presented). The result of the logistic regression analysis, ie, that patients 75 years of age or older are less likely to receive antithrombotics, might partly reflect the fact that the CHADS 2 score did not accurately predict antithrombotic treatment patterns in the People's Republic of China (age $75 years is a component of CHADS 2 ). That the antithrombotic treatment pattern in China does not follow current clinical practice guidelines warrants further study to determine the reasons why this is so.
The logistic regression model also did not show any significant association between sex and choice of antithrombotic regimen. Although all of the hospitals studied, irrespective of location, preferred use of warfarin in antithrombotic practice, hospitals in Guangzhou were significantly less likely to prescribe an antithrombotic regimen for patients with AF than were hospitals in Shanghai and Beijing. Physicians in the tertiary hospitals selected in Shanghai and Beijing adhered more to international AF treatment guidelines than did those in the selected Guangzhou hospitals.
Several limitations may hinder the generalization of this study's results. First, treatment patterns for stroke prevention in patients with AF from the six selected tertiary hospitals may not be indicative of such treatment patterns for all patients with AF hospitalized in the People's Republic of China. Second, this study included hospitalized patients only, and third, retrospective chart reviews such as this 
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liu et al study are subject to potential coding errors and unmeasured biases. Finally, many patient and clinical characteristics such as prior history of bleeding or stroke, comorbid conditions, and concomitant medications were not included in this analysis.
In conclusion, antithrombotic treatment is substantially underused in patients with AF in China, particularly in older patients. Varied antithrombotic treatment patterns in the People's Republic of China could impact current and future antithrombotic treatment strategies. These include a strengthened approach to prescribing antithrombotic treatment by stroke risk, the prospective consideration of warfarin in antithrombotic regimens, and national coordination in adopting standardized antithrombotic practices that could help attenuate hospital costs for stroke in the People's Republic of China. 
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